Superconducting Quantum Phase Transitions

Andrei Lopatina, Igor Beloborodov?, Nayana Shah? and Valerii Vinokura,
a Materials Science Division, Argonne National Laboratory
b University of Cologne, Germany

Critical
temperature

Superconducting Quantum critical point

Superconducting quantum phase transition (QPT) is a zero
temperature phase ftransition that occurs when the
superconductivity is suppressed due to the presence of pair
breaking effects. The zero temperature transition point is often
called the quantum critical point (QCP).
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Quantum critical point controlled by applied parallel
magnetic filed

An exemplarily realization of the superconducting quantum critical
point can be obtained by applying the magnetic field parallel to a dirty
thin film or a quantum wire.
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Results: Fluctuation conductivity in the vicinity of the QCP
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Singular conductivity behavior, similar
to the Aslamazov-Larkin correction
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3. Quantum regime:
Conductivity is almost temperature independent.

Negative magnetoresistance.

Experiment
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Future directions

1. Theoretical description of experimentally observed
superconducting insulator phase in high magnetic fields.
This phase is characterized by nonzero local
superconducting order parameter but no superconduting
coherence. As a result, it has insulating properties.

2. Development of a non
perturbative approach for
the study of the conductivity
behavior close to the
quantum Ginzburg region.

3. Study the role of strong
disorder in quantum phase
transitions.
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